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When ventricular free wall rupture after acute myocardial infarc-
tion is not followed by sudden death, it is referred to as subacute
ventricular rupture . The sensitivity and specificity of clinical,
hemodynamie and echocardtographtc diagnostic variables ob .
tamed at bedside are unknown and were therefore prospectively
studied In 1,247 consecutive patients with acute myocardial in-
farction including 33 patients with subacute ventricular rupture
diagnosed at operation (group A) and 1,214 patients without
ventricular rapture lot operation, postmortem study or at din.
charge) (group B)
.
The incidence of syncope, recurrent chest pain, hypotension,
e!eetromeehanlcal dissociation, cardiac tamponade, pericardial
effusion, high acoustic intraperieaedial echoes, right ateial and
right ventricular wan compression identified in two-dimemional
echocardiograms and hettwpericardium demonstrated during
pericardiocentesis was higher in group A than in group B (p <
0.00001). The presence of cardiac tamponade, pericardial effusion
Rupture of the ventricular wall is the second cause of death
in patients with acute myocardial infarction (1 .2) . Neverthe-
less . investigation in this field has been neglected and,
surprisingly, it has been generally accepted that ventricular
rupture after acute myocardial infarction is a hopeless situ-
ation . However, patients with ventricular rupture die of
pericardial lamponade secondary to intrapericardial hemor-
rhage that can be treated if properly diagnosed (3-44) . Three
distinct clinical forms of ventricular wall rupture may be
observed (20); the most common is the sudden rupture with
massive hemorrhage into the pericardial cavity that is fol-
lowed by instantaneous death. In rare cases the space into
which the rupture occurs is confined by epicardium . pericar-
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>5 mm, high density intraperirardial echoes or right atrial or
right ventricular wall compression had a high diagnostic seostiv-
ity (>70%) and specificity j>90%). The number of false positive
diagnoses was always high for each diagnostic variable atone
(>20%), but the combination of clinical (hypotensoe), hemody-
namic (cardiac tmaponuale) and ech eardiograpbie vaainbku al-
lowed c
s-sltivity of >65% with a sided number of false positive
diagnoses (<10%) and prosiAed useful information for therapeu-
tic decisions.
The diagnosis of snbaente ventricular repine requires a
surgical decision . Twenty-five (76%) of the 33 patients with
subacute ventricular rapture survived the surgical procedure add
16 (48
.5%) are
lung-into survivors
.
Thus, subacute
ventricular
wall rupture is a relatively frequent cotnplicaBma after acute
myocardial infarction that can he accurately diagnosed end suc-
cessfully treated .
U Am Coll
Cordial 1992;19
;114553)
dial adhesions and thros
ubus formation, resulting in a false
aneurysm . Finally, the hemorrhage into the pericardial cav-
ity may be slow or repetitive . Therefore, the patient can
survive for several hours or even days . allowing enough time
for surgical repair if a diagnosis is made . This latter clinical
presentation is termed subacute ventricular wall rupture
1 5 .7 .14 .16,20) .
From 1979 to 1984 a total of !S patients with subacute
ventricular wall rupture were operated on at our institution .
In a thorough review of published data we found 90 reports
of attempted surgical repair in 145 patients (112 survivors)
including 17 patients with a sudden, massive rupture and 128
with subacute rupture; however, in many of these patients
the diagnosis was based on confusing clinical grounds or was
an unsuspected surgical finding (3,5,10,15,17,22,24,
29.35,431. Therefore, the diagnosis of ventricular rupture is
seldom made and the accuracy of the different diagnostic
criteria is unknown. For these reasons, we conducted a
prospective study to investigate the sensitivity and specific-
ity of clinical, hemodynamic and echocardiographic varia-
0735-1097197155.tU
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bles in the diagnosis of subacute ventricular wall rupture
after acute myocardial infaretioa .
Methods
Study patients . A total of 1
.457 consecutive patients with
acute myocardial infarction defined by common clinical .
electrocardiographic and laboratory data were admitted to
the coronary care unit of La Paz Hospital from June 1984 to
January 1989 and were prospectively investigated according
to a study protocol . Patients with previous heart surgery,
valvular heart disease and known primary myocardial or
pericardial disease were not included in the study . Eighty-six
patients were excluded from analysis because of insufficient
echocardiographic data ; patients who died without anatomic
examination (n = 95) and those with heart rupture demon-
strated at postmortem study (n = 29) were also excluded
because of the uncertainty of the timing of the ventricular
rupture in relation to the clinical, echocardiographic and
hemodynamic observations .
Groups
ofpatients .
Two
groups ofpalieniswere sludied
.
Group A included 33 patients with subacute rupture of the
ventricular wall zonfirmed at operation in the presence of
hemopericardium and a myocardial tear on the external
surface of the ventricular wall. Twenty-nine patients were
admitted directly to the coronary care unit during the study
period and four were referred from other hospitals to confirm
or exclude the diagnosis of subacute ventricular rupture .
Group B included 1,214 patients without heart rupture .
Ventricular rupture was excluded at operation in 27 of them
and at autopsy in 81 . and 1 .106 patients were discharged
from the hospital without clinical . hemodynamic or echocar-
diographic abnormalities suggestive of ventricular rupture .
uring I-year prospective follow-up with serial echocardio-
grams in all discharged patients a ventricular pseudoaneu-
rysm was suspected in two patients, and both were operated
on . The pseudoaneurysm was confirmed in one of these
patients and at discharge the echocardiogram did not show
pericardial effusion or features suggestive of a pseudoaneu-
rysm .
Clinical features. The same clinical and echocardio-
graphic variables were prospectively collected on standard
data forms on a routine basis, The clinical features analyzed
included age, gender, previous infarction . electrocardio-
graphic (ECG) location of the infarct- syncope, prolonged
(>12 h) or recurrent chest pain . blood pressure . ECG
changes other than the characteristics of uncomplicated
myocardial infarction, pericarditis, electromechanical disso-
ciation (episode of syncope without peripheral pulse in
presence of ECG activity), bundle branch block, ventricular
fibrillation, atrioventricular (AV) block and bradycerdia
(heart rate <45 beats/min). Hypotension was defined as
systolic blood pressure <90 mm Hg in previously normoten-
sive patients and < 100 mm Hg in previously hypertensive
patients
. Pulsus paradoxus was defined as a difference
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>15 mm Hg in aortic systolic pressure during the respiratory
cycle .
Hemodynamic monitoring . Hemodynamic monitoring
was performed with use of a triple-lumen thermodilution
Swan-Ganz catheter in all patients from group A and in 691
patients from group B because of clinical indications that
included prolonged chest pain . hypotension, clinical symp-
toms of heart failure, pericardia' effusion >5 mm in diastole
by echocardiography, right atria) or right ventricular wall
compression and suspected mechanical complications . Right
atria), pulmonary artery and pulmonary capillary pressures
were routinely measured with a Could or Statham trans-
ducer and a Siemens 34 Mingograf .
The imamdynatuic diagnosis of cardiac tamponade was
considered in the presence of all of the following ; hypoten-
sion, right atria) and pulmonary capillary pressure values
>10 mm Hg, equalization of right atrial and pulmonary
capillary pressure values (with a difference <5 mm Hg
between both pressures) and right atria) pressure waveform
with a deep x descent and blunted y descent .
Echocardiographic studies. Serial two-dimensional
echocardiograms were obtained employing a Hewlett-
Packard 77020 ultrasound system or Toshiba SSH-60A
equipment with 1 .5 or 3.7 MHz probes . images were ob-
tained in the standard parasternal long-and short-axes, apical
and subcostal four-chambers views and in the two-
dimensional and M-mode techniques . The movement of the
right atrial and right ventricular wall was studied in the
M-mode tracings obtained from the two-dimensional images
.
An echocardiogram was obtained throughout the period of
infarct evolution (on day I or 2, day 3 or 4 and day 7) as well
as before hospital discharge and when hypotension, syn-
cope, chest pain, ECG changes, severe arrhythmias or
conduction disturbances were observed during the infarct
evolution.
In every case the fallmeing variables were investigated :
tae presence of pericardial effusion, which was quantified in
mm at end-diastole (r wave of the ECG) in the parasternal
long-axis or subcostal four-chamber views ; the presence of
intrapericardial echoes of high acoustic density (45), and
right atria) and right ventricular wall compression. Right
atrial wall compression was defined as the inversion of the
normal convexity of the: posterior right atrial wall during
systole (46). Right ventricular wall compression was defined
as the inversion of the normal convexity of the right ventric-
ular wall during diastole, corresponding to an inward dis-
placement of the ventricular wall in the M-mode tracings
(46).
Pericardiocentesis. In 29 patients (15 from group A), a
pericardial tap was performed through the subxiphoid ap .
proach
. In 3 of the 29 (2 from group A), no fluid could be
retrieved. Indications for pericardiocentesis included car-
diac tamponade, pericardial effusion with a distance between
the two pericardial layer + >10 mm in diastole and right atrial
or right ventricular we ; S compression, However, in every
case, btdi9 dual decisions were made after consultation with
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a cardiac surgeon . Hemopericardium was considered when
the hematocrit of the fluirN retrieved from pericardiocentesis
was >25% .
Indications for surgery. Cardiac surgery was performed
on 60 patients . Indications for surgery were severe postin-
faretion angina (n = 12). interventricular septa) rupture to =
8) or papillary muscle rupture (n = 1) and suspected sub-
acute ventricular wall rupture (n = 39%- The main indication
for surgery in these cases was positive findings on pericar-
diocentesis in 18 patients and cardiac tamponade with evi-
dence of pericardial effusion in 16 ; in 5 patients the decision
to operate was based on clinical and echocardiugraphic
findings that in every case were considered "strongly sug-
gestive" of subacute ventricular war! rupture. Thirty-eight of
the 39 patients with suspected ventricular wall rupture were
conscious when the decision to operate was made . Six other
patients with suspected subacute vcuirtcul ;r rupture died
before operation.
Postmortem studies. Two hundred twenty-two patients
(15 .2%) died in the hospital ; a postmortem study was per-
formed in i 16 (52.3%) of the 222 . In these patients ventric-
ular wall rupture was diagnosed in the presence of hemo-
pericardium and a ventricular tear in the ventricular wall
resulting in communication between the ventricular and
percardaz cavities .
StadsGeal analysis. ifferences between continuous data
were compared with the unpaired Student r test
; d scontin-
uous variables were compared by chi-square analysis. if-
ferences between groups were considered statistically signif-
icant when p values were < O .OS_
Tie
sensitivity . specificity
and predictive value of the study variables were determined
by appropriate formulas .
Ethics. The study protocol was approved by the ethical
committee of the hospital . Informed consent for invasive
procedures was obtained from all patients . The decision for
pericardiocentesis and surgery was discussed among the
appropriate clinicians and surgeons in every case and writ-
ten, informed consent was obtained from the patient or
relatives in al! . 1n patients who died. postmortem studies
were performed only when consent was obtained from the
patient's relatives .
Results
hospital mortality and incidence of ventricular wall rup-
ture. The hospital mortality rate was 15.2% (222 of 1 .457
patients) . Free ventricular wall rupture was diagnosed in 91
patients (6.2%)
.
In 33 patients, the diagnosis of ventricular
rupture was made at operation . i n 29 during a postmortem
study and in 29 the diagnosis was made in the presence of
sudden electromechanical dissociation followed by death . In
27 of the 29 an echocardiogram obtained during the episode
of electromechanical dissociation revealed a large (>20 mm)
pericardial effusion .
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incidence of clinical, hemodynamic and echocardiographie
variables. Table I summarizes the incidence of the studied
v
ariables . a s well as the statistical differences between the
two eroups of patients
. An echocardiogram revcaied peri-
cardial effusion ranging from 4 to 40 mm in group A and from
0 to 15 mm in group B . Pulsus paradoxus was present in 13
of 27 patients in group A . all with cardiac tamponade, but its
presence was not routinely investigated in group B patients
.
Pericardoocenesis. Hemopericardium was demonstrated
in all 13 patients from group A and was also present in 3
12351 of 13 patients from group B- A false positive diagnosis
was mad- in 3 (19%) of 16 patients who underwent operation
for suspected ventricular rupture . The hemate^_tit in the fluid
sample from pericardiocentesis was similar in every case to
that of the peripheral blood . In two other patients with
suspected rupture excluded from the statistical analysis,
results of pericardiocentesis were negative (hematocrit
<25S/1.
Both patients died and had evidence of left ventric-
ular
wall
rupture in the postmortem study. In contrast, in
two patients who underwent operation without pericardio-
centesis . cardiac tamponade was the result of a serous
pericardial effusion .
Surgery, Thirty-nitre patients with suspected rupture of
the ventricular wall were operated on 30 min to 24 h after the
diagnosis of ventr
;saiar rupture . A myocardial tear was
found ao lire epicardial surface of the left ventricle in 30
patients and on the right ventricular wall in 3. In six patients
no anatomic evidence of rupture was found ; two of them had
cardiac lamponade secondary to serous pericardial effusion .
In patients with ventricular rupture a Teflon patch was
sutured or adhered with a biologic glue to the epicardial
surface of the raptured wall
. In one patient art infarctectomy
was performed . Twenty-five (76%) of the 33 patients with
-atricular rupture survived the operation and 16 (48 .5%)
were discharged from the hospital and are long-term survi-
vors after a mean follow-up interval of 30 months .
Five of the six patients with suspected ventricular rupture
not demonstrated at operation recovered uneventfully and
were discharged from the hospital . The remaining patient,
with acute hiventricular infarction . died 24 h postoperatively
with cardiogenic shock
.
Sensitivity add specifcfiy of diagnostic variables. Hypo.
tension. cardiac tamponade. a n echocardiographie reading
of pericardial effusion >5 mm, intrapericardial echoes and
right atrial and right ventricular wall compression had a
>70% incidence rate in group A and a <20% incidence rate
in group B and were thus arbitrarily selected for examination
of their sensitivity and specificity as criteria, singly or in
combination (Table 2) . of subacute ventricular rupture .
iscussion
Concept of subacute ventricular rupture . eath after rap-
ture of the tuft ventricular wall is duet( massive hemorrhage
into the pericardial cavity that leads to cardiac tamponade .
In most cases the patient dies suddenly, but in others the
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Table l
. Incidence of ifferent Variables in Patients With (Group
AI
and Without (Group H)
Subacute Ventricular Rupture
AV = arriovennicular: ECG = electrocardiagraphic, echo = ect.ocardiogmphy: MI = myocardial infarction.
hemorrhage is not a sudden and catastrophic event followed
by instantaneous death and the patient can be surgically
treated . This clinical form of rupture, reported in 128 pa-
tients treated surgically during the first days of evolution of
acute myocardial infarction (3-44), has been referred to as
subacute ventricular wall rupture . Survival after rupture is
probably due to insufficient and transient hemorrhage into
the pericardial cavity, which in turn may be explained by
several factors ; I) presence of a small, serpiginous myocar-
dial tear (47); 2) formation of clots within the path of the
rupture ; 3) increase in the intrapericardial pressure ; and
4) formation of a pseudoaneurysm . Clinical and anatomic
evidence support these hypotheses . In some cases the leak-
age of blood is progressive, as can be demonstrated in serial
echocardiographie studies in which the pericardial effusion
increases during several hours or days . Thrombi plugging the
path of the rupture is a frequent finding in postmortem
studies of patients with ventricular wall rupture (47) and may
slow the clinical course, thus explaining why in some cases
no active bleeding is found at operation (4,6,9 .28) (10 pa-
tients in our series) . The increased intrapericardial pressure
may produce a certain hemostatic effect in cases of atrial or
right ventricular wall rupture . In fact, survival for hours or
IACC Vol. 19 . No . 6
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days has been reported (6,16,25) after rupture of these
structures has resulted in communication of the pericardial
cavity with a low pressure chamber . Three patients from
group A manifested rupture of the right ventricular wall and
were operated on from 4 to 48 h after the suspected initial
bleeding in the pericardial cavity . In contrast, right ventric-
ular rupture is seldom found in postmortem studies (2).
Finally, the formation of a pseudoaneurysm constitutes a
well recognized, though infrequent, cause of survival when
the hemorrhage into the pericardial cavity is controlled by
pericardial adhesions (20) .
Incidence of subacute ventricular rupture . The incidence
of subacute left ventricular wall rupture is unknown and
there is no standard for its diagnosis
. uring the period of
the prospective study, and excluding the four patients re-
ferred from other hospitals, subacute ventricular wall rup-
ture was confirmed at operation in 29 (2%) of 1,453 patients
.
The real incidence is probably higher because the criteria for
performing surgery were rather restrictive. In fact, six
patients with suspected subacute cardiac rupture died before
operation . Autopsy was performed in four of them, and three
manifested cardiac rupture. Assuming that these patients
had subacute ventricular rupture, the incidence of this
Group A
In = 331
Grauo B
In = 1,2141
Nn I%I Na (%) p Value
Age (yr(
67 .8 0 8.6 001 !12.4 < 0 .00001
Gender
: female
13 (39) 203 116 .51 < 0 .,01101
infarct location
Anterior 17 142.51 546 (45)
NS
Inferior 14 142 .51 504 141,51
Lateral 4 1121 43 (3 .5)
Undetermined I III 121 (10)
Old MI 191
19111208
(16)
NS
Syncope
154.51 11911213 (10) < 0.00001
Pain, recunnent or persistent 163 .51 26711210 (22) < 0.00001
Hypolensiun
31
1941
22411210
08
.51 <0.00001
ECG changes 1 2 130 1401
20111194 (17) 10.0001
Pcricarditis 5130 1151 121/1195 (10) NS
Electromechanical dissociation 7 1211 311109 (021 ) < 0.00001
Bundle branch block 7130 1231 141/1208 (12) NS
Ventriculartibrillntion 3 (9) 97/1196 (8) NS
AV block 6 118) 9311195 181 NS
Bnedycardia 8 (24) 11811190 not '0 .03
Cardiac Iamponade 23 (69.5) 6 (0.5) <0 .00W1
Pericardial effusion by echo 33 ((00) 352 (29) <0 .09001
e 5 in. 33 (100) 87 171 <0 .00001
> 1o mm 26 (79) 22 12) < 0.00001
> 15
mm 18
(54
.5)
6 (0
.5) < 0.00001
Intrapnricardial echoes 32 (97) 57
( 5)
< 0.00001
Right atria) wall compression 32 (97) 21 (1 .5) < 0.00001
Right ventricular wall compression 29 (881 II
III
< 0.95001
Pulsus paradoxes 13127
148) - - -
Hemopericardinm(pericerdiocenresis) 13113 (100) 3113 (231 < 0.00001
JACC Vol. 19 . No . 6
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Table 2. Sensitivity, Specificity and Predictive Value and Fal= .e Pusiaao iagnose, of ifferent Variables for the iagnosis of Subacute
Ventricular Wall Rupture
complication after acute myocardial infarction would be
2 .2`70 (32 of 1,453)
. In contrast, the overall incidence of
ventricular free wall rupture in the total series was 6.2%.
indicating that at rupture of the ventricular free wall is not
followed by instantaneous death in at least 30% of patients.
In contrast, the formation of a pseudoaneurysm is extremely
rare because only one case was identified in this large series
of patients studied with echocardiography .
iagnostic criteria. There is a lack of well defined criteria
for the diagnosis of subacute ventricular wall rupture and
their sensitivity and specificity are unknown . In the previ-
ously published studies, most of them case reports, the
diagnosis was established according to various clinical ab-
normalities ranging from nonspecific shock or syncope
(4,9,10,15) as the sole manifestation of the syndrome to well
documented criteria for acute cardiac tamponade (18,19.25 .
27,30,39), positive findings on pericardiocentesis (4,6,9
.20.
21,26,27,29,30,37,43) or direct identification of the myocar-
dial tear in echocardiographic studies (25,30.31 AB) .
Furthermore, in 13 of 128 previously reported cases
(3,10,15,17,22,24,27,29,35,43), subacute ventricular wall
rupture was an unexpected surgical finding .
The present study provides unique information about the
usefulness of different variables in the diagnosis of subacute
ventricular wall rupture. That diagnosis implies an urgent
surgical decision . Thus, we studied clinical, electrocardio-
graphic, hemodynamic and echocardiogrphic features pre-
viously related to heart rupture and generally available at the
bedside in the coronary care unit . The initial comparison of
these variables in the two groups of patients permitted the
arbitrary selection of those with the greatest difference
LOPFZSENION ErAL.
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Echo = echacmdiography : RAWC = right alrial wall compression . RVWC = right annlricular wall compression ; Tamponade = lamodynamic criteria for
cardiac lampanade,
between groups to reach the highest specificity while main-
taining a high sensitivity for the diagnosis . Of all variables
studied, only hypotension. hemodynamic cardiac tampon-
ade . pericardial effusion >5 mm at end-diastole on the
echocardiogram
and the echocardiographie abnormalities
related with hemopericardium (45) and cardiac tamponade
(46) showed an incidence >70% in patients with subacute
ventricular rupture and <200/ in patients without rupture,
but the number of false positive diagnoses was always >20%
(Table 2) .
Clinical data. Only hypotension
. prolonged or recurrent
chest pain, syncope and transient electromechanical disso-
ciation were found more frequently in patients with subacute
ventricular rupture. As an isolated criterion, hypotension is
of little use for the diagnosis because of the many false
positive results . However, almost every patient with sub-
acute rupture in our study had hypotension and it should
constitute an indication for other studies . Syncope
(9.15 .:7 . 8,38) and transient episodes of electromechanical
dissociation are highly indicative of hemorrhage in the
pericardial cavity and have been considered important clues
to suspect rupture of the ventricular wall, but their sensitiv-
ity is low in this clinical form of ventricular rupture and the
number of false positive diagnoses is very high .
Sudden electromechanical dissociation followed by syn-
cope and depth is the characteristic clinical picture of acute
left ventricular rupture . but in this situation every attempt to
treat the patient may be unsuccessful, although urgent
operation has been immediately performed in 17 cases with
three survivors (20,40,43)
. Transient electromechanical dis-
$rnsinoity
1!i I
Speci9cily
I'~ I
Poso*r
P>,9oI:ae
VnIucI
, !
Negaly+e
Predictive
V.'. . .1 ,
Efhcsc5
I )
False Posilirc
iagnossl%r1
Ilypotension 9) 9 81 .5
99.8 8L8 87.8
Cardiac !s ponadc 99A ." 79 .
~9
.2 w .; 2a7
Pericardial effutlon (PE) by echo
191 92 .8
,7 5
[o 93
72
.5
>lomm 78.8 99 7_ 99 .4 97.7
45 . 3.
>15 mm 54.5 99_5 9s .4 98.3 25
ImrapericarmallP)echo.. 97
9'29 76
99.9 95 .3 6s
Wall compression
)RAWC 97 98.3 M).. 99.9 98 .2 39.6
)RVWC) 87 .9 99.1 7, 7 99.7 98 .8 27
.5
Eleclrnmechanicaldissaeiation
21 .2
99.7 711
97
.7
97
.4
30
Hemopedcardium(pericardiocenlesis)
Iii)
76 .9 91" 100 88.5 18.8
PE >5 mm + 1P echoes 97 98 .4 41 .5 99 .9 98.3 385
PE >5 mm + IP echoes + RAWC 93.9 99 .5 79.' 99 .8 '1.? '-0.5
PE >5 mm + IP echoes + RAWC + RVWC 84 3 59> 84.8 99.6 99.2 1_9.7
Tamponade + PE >5 mm 69.7 99.8 885 49.2 99
11,5
Tamponade + PC + IP echoes 66.7 99.8 91 .7 99.1 99 8.3
ramponade
+
PI:
+ IP
echoes + RA or RVWC 66.7 99
.8
91 .7 99.1 m 83
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sociation was present in 7 of 33 patients in our series and in
29 of 145 patients previously reported (6-8,21,26 .40).
Electrocardiograph) . Several ECG abnormalities have
been associated with rupture of the ventricular wall . includ-
ing evidence of transmural myocardial infarction, main-
tained ST segment elevation, low amplitude of the QRS
complex
. inversion of T waves and intraventrieular conduc-
tion disturbances . None of these findings are sensitive or
specific for cardiac rupture (49) and the ECG cannot be
considered a useful tool for the diagno ; is .
Angiography. Identification of dye in the pericardial cav-
ity after ventriculography was the diagnostic clue in four
patients previously described (11,1743) . However. this
angiographic finding has not been recorded in other patients
and it is easy to understand that the hemorrhage cannot be
active for a prolonged period of time because complete
collapse of the cardiovascular system would develop within
minutes .
Hemodynamies. Cardiac tamponade was considered a
major indication for surgery in 30 patients previously de-
scribed. but it has been well documented in only 8 patients
(18,19,27,30,39) . In several reports pressure equalization in
the four chambers, in some patients with a dip plateau in the
right ventricular pressure, has been considered a sign of
cardiac tamponade and heart rupture (i 1 .13,20.28,38) and in
others it was suspected in the presence of confusing clinical
findings such as distension of the jugular veins . cyanosis or
inspiratory rise of right atrial pressure . The condition has to
be differentiated from other conditions including right ven-
tricular infarction . Ischemic right ventricular dysfunction
after acute myocardial infarction is also characterized by
equalization of right and left side pressures, but the pattern
of the right atria] pressure waveform either is normal or has
a deeper y than x descent, and the right ventricular pressure
waveform may have a dip and plateau (50) . The presence of
a deep x descent and blunted y descent must be emphasized
in the diagnosis of cardiac tamponade because failure to
correctly evaluate this pattern may lead to serious therapeu-
tic errors (14) .
In some patients tachycardia prevents the
recognition of the right atria) pressure waveform ; in these
circumstances light vagal maneuvers can reduce heart rate,
allowing the correct identification of the pressure waveform .
Hemopericardium with clotted blood car. mimic the patho-
physiologic features of constrictive pericarditis, and pres-
sure waveform of the right heart chambers may be identical
to that found in right ventricular infarction with ischemic
right ventricular dysfunction (51) . Nevertheless, all patients
with ventricular rupture in this study had clotted blood in the
pericardial cavity but none showed a constrictive pattern .
Puixus paradores has been
considered
a major criterion
of cardiac tamponade secondary to heart rupture (10,17,28) .
However, it was present in only 13 of our 27 patients with
heart rupture . It is also frequent in other critical situations
such as constrictive pericarditis, respiratory distress and
shock
(52).
For these reasons, pulsus paradoxes is a non-
specific finding of little practical value in making therapeutic
JACC Vol. 19 . No . b
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decisions unless it is accompanied by other clinical abnor-
malities .
Cardiac mmponade after acute myocardial infarction
can
also be the result of serous, fibrinous, serohemorrhagic or
even hemorrhagic (53) pericardial effusion without ventric-
ular wall rupture. which was the case in 6 of !,214 patients in
our series . espite its high specificity, hemoc.ynamic alter-
ations indicative of cardiac tamponade are not very sensitive
for the diagnosis of suhacute ventricular rupture and in this
study were present only in 27 (70%) of 33 patients with
subacute ventricular rupture .
Echocardiography. Echocardiography is a very practical
tool for the diagnosis of subacute ventricular wall rupture,
allowing the identification of pericardial effusion suggestive
of hemopericardium and showing alterations produced by
the increased intrpericardial pressure .
Pericardial ejfasion, The presence of pericardial effusion
associated with hypotension or shock has been considered
the main indication for surgery (37). However, it is a
frequent finding after acute myocardial infarction- occurring
in 6% to 37% of patients (54) . and it was present in 29% of
the patients without ventricular rupture in this series . The
number of false positive diagnoses is also high (21%), even
when the pericardial effusion is very large (Table 2). For
these reasons, the absence of pericardial effusion excludes
cardiac rupture but its identification does not prove its
existence .
latrapericardiol echoes . Experimental studies (45) nave
demonstrated that blood and clots in the pericardial cavity
produce high acoustic echoes easily identifiable by echocar-
diography. The same intrapericardial echoes have been
described in patients with hemopericardium secondary to
subacute ventricular wall rupture (23,25,32,43,48) and have
been considered indicative of cardiac rupture . In the present
study intrapericardial echoes were found in 98% of patients
with subacute rupture, but the number of false positive
diagnoses was very high (53%) . The same finding can be
observed in 5% of patients after acute myocardial infarction,
as well as in other clinical conditions including fibrinous
pericarditis (55).
Erhocardiographic criteria of cardiac tamponade . Two
reliable echocardiographic abnormalities, right atrial and
right ventricular wall compression, have been related to
intrapericardial pressure increase above the pressure values
in the corresponding cardiac chambers . These abnormal
movements are very sensitive for the early recognition of
subclinical cardia; tamponade, appearing before hemudy-
numic abnormah .ies can be demonstrated (46). Right ven-
tricular wall compression was previously reported (30,34,
38
.39,43,41) in I2 patients with subacute ventricular rupture
and in this study it presented a high diagnostic efficacy
(Table 3) .
Identification of the myocardial tear . Several reports
(25 .30,31,48) have described the direct echocardiographic
identification of the myocardial tear in the ventricular wall as
pathognomonic for rupture of the ventricular wall . However,
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Table 3 . iagnostic and Therapeutic Approach in Suspected Subacute Ventricular Wall Rupture
+ RA WC and RVWC
Abbreviations as in Table 2 .
careful analysis of our cases failed to demonstrate this ability
of echocardiography . In some cases the myocardial tear can
be suspected in the presence of density irregularities in the
echocardiographic images, but the same abnormalities can
be found in patients without rupture and may thus corre-
spond to artifacts. Improvement in myocardial imaging may
perhaps allow the direct identification of the myocardial tear.
1n this respect, transesophageal echocardiography . which is
superior to transthoracic echocardiography in evaluating
cardiac tamponade in critically ill patients (56), may be of
additional help, but in our limited experience with three
patients with rupture of the anterior ventricular wall we
could not identify the myocardial tear.
Pericardioeentesis, Pericardiocentesis demonstrating the
presence of blood in the pericardial cavity has been consid-
ered the most reliable criterion of subacute ventricular
rupture (9,11,15,20,21 .26,27 .30 .42 .43). although its sensitiv-
ity and specificity have not been established . In our series
three patients without rupture according to the surgical
findings had abnormal findings on pericardiocentesis and
three additional patients with clinically suspected ventricular
wall rupture confirmed at autopsy were not operated on
because the hematocrit of the pericardial fluid was strikingly
less than that of the peripheral blood . espite the clear
demonstration of false positive and false negative diagnoses.
a pericardial tap should be performed in those patients with
hemodynamic or echocardiographic criteria of cardiac tam-
ponade . In these patients the main diagnostic value of
pericardiocentesis is the demonstration of a clear pericardial
fluid, which definitively excludes heart rupture. In addition.
pericardiocentesis is of therapeutic value in patients with
cardiac lamponade (57).
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iagnostic and therapeutic approach. Most published re-
ports recommend a "high degree of suspicion" in the
diagnosis of subacute ventricular wall rupture, but few
investigators have proposed rules for the diagnostic ap-
proach
. Windsor et al . (12) recommended ventriculography
as the reference standard for the diagnosis of ventricular
rupture in those patients with clinical cardiac tamponade,
pericardial effusion and ineffectiveness of counterpulsation .
Pifarrd et al . (15) recommended that subacute ventricular
rupture he suspected in all patients with hemodynamic
derangement : however, in two of four patients of their series
ventricular rupture was an anatomic finding not suspected
before operation .
A practical approach should be easy ra follow at bedside
in nmsr patients with acute myocardial infarction
.
iagnos-
tic techniques should be used in subgroups of patients with a
high risk of heart rupture and invasive procedures, including
pericardiocentesis and thoracotomy, should be used only in
the presence of variables that result in a small number of
false positive diagnoses and whose incidence in the total
population of patients with acute myocardial infarction is
low. Accordingly . Table 3 suggests till diagnostic and treat-
ment approach for three different conditions : hemodynamic
evidence of cardiac tamponade, pericardial effusion and
hypotension .
Cardiac itmtpatade
. The identification of hemodynamic
data of cardiac tamponade must be followed by an echocar-
diographic study . If pericardial effusion >5 mm is demon-
strated, the number of false positive diagnoses is low (11 .5e%),
but pericardiocentesis may be performed to exclude from
operation patients with a clear pericardial fluid (Table 3) .
Sendrrvity
Ps
False Pnsirior
iagnosis 17,l Approach
Cardiac lamponade
Tamponade only 59.7 2 8 .7 Echocardiography
Tamponade + pericardial effusion >5 mm 907 11 .1 Pericardiocentmis .s,rgery
Tamponade + pericardial effusion >5 mm 66 .7 0 .3 Pericardiacenresis. surgery
+ inrmpericanhal echoes
Tamponade + pericardial
effusion
>5
mm M .7
8.3 Peneardiocentesis, surgery
+ intrpencardial echoes + RAWC or RVWC
Pericardial effusion
Effusion >5 mm
Effusion >5
mm + intrapericardiel echoes
too
97.
33 .5
Fallow-up echocardiography
Far.-pechocardiagraphy
Effusion >5 mm + -pericardial echoes (4.9
152 Pericardiecentesis,surgery
+ RAWC and RVWC
Hypolension
Hyputension only '13 9 87.8 Echocardiography
Hyporension +
per-dial effusion
- 9 mm 939 45.6 F.11--up echucardio raphy
Hypotension + pericardial effusion >5 mm
+ intmpericardial echoes
Hypulension + pericardial
effusion
>5 mm
90.9
87.9
2t .t
9.4
Fallow-upecrmcardioetaphy
Pencerdincenle i . snrgery
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Pericardial effusion. The number of false positive diag-
noses in the presence of pericardial effusion is very high and
no routine invasive procedures should be employed . When
considering the comhinatirn of cchocardiographic variables
suggestive of hemopericardium or cardiac tamponade . the
diagnostic sensitivity remains high (96%)
and the number of
false positive diagnoses decreases progressively but remains
>10% ; additional diagnostic clues should be investigated .
Hypotension. Hypotension is very frequent in the imme-
diate onset of infarction but is also a very sensitive marker of
subacute ventricular rupture. For this reason, hypotension
should be used a : . an easy clinical variable to indicate an
echocardiographic study . After this approach, the combina-
tion of hypotension and echocardiographic data permits a
highly accurate diagnosis of subacute ventricular rupture
and the number o echocardiographic studies can be greatly
reduced
Conclusions
. Rupture of the ventricular wall with hemor-
rhage into the pr ricardial cavity is not followed by sudden
death in a relatively large number of patients with acute
myocardial infarction. Echocardiographic and bedside he-
modynamic studit
:s should be performed iP, patients with
shock, hypotension, recurrent chest pain or ECG changes
and immediately niter an episode of hypotension, syncope or
electromechanical dissociation even when the patient has
already recovered a certain clinical stability . An accurate
diagnosis can be made at bedside considering the presence of
several clinical . echocardiographic and hemodynamic abnor-
malities, and surgery may be lifesaving in approximately
50% of patients . However, no diagnostic clues are specific
and a close collaboration between cardiologists and surgeons
is necessary ; otherwise, the diagnosis and treatment of this
lethal complication of acute myocardial infarction will Con-
tinue to he based on anecdotal data .
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